Peer-To-Peer (P2P) traffic represents almost 60 % of Internet traffic, and involves personal computers working during periods of full-time operation (Always-ON ). The rational use of shared resources opens up the possibility of reducing energy consumption associated with this type of operation. This paper analyses the results previously obtained from simulating an environment that shares resources among multimedia home networks, called Virtual Home Environment (VHE) and sponsored by the European Network of Excellence EuroFGI [1]. The study analyzes the behavior of basic P2P distributed environments, comparing them to the new environment based on the virtualization of specific processes. This proposal includes a cost model that enables the restriction of behaviors associated with hoarding of resources. As a result, the energy consumption associated with this improvement implies a substantial reduction in the number of Always-ON devices, and the reduction and equalization of activity time around the area of the distributed network. The proposed simulation will be applied in future developments related with the activities proposed by Cost Action IC0804: Energy efficiency in large-scale distributed systems, see [2] .
INTRODUCTION
A large number of home networks are interconnected via a P2P overlay. Home networks usually consist of a gateway and a small number of computers, e.g. PCs, home servers or laptops. The number of applications that requires Always-ON hardware (e.g. media-server or file-sharing client) in home networks is growing fast, leading to a large number of computers running on an Always-ON basis. Under this situation, many homes download common remote resources (e.g. video files), acquiring several parts or divisions of these resources from the rest of the remote homes, and the majority work as Always-ON clients. As a first rationalization of this type of behavior, we consider that each P2P client may only acquire those parts of the files from the nearest clients defined by their zone, and that only one per zone would be acquiring parts remotely. The case of different acquired resources reproduces the same situation as before. If each P2P client only acquires parts from the clients who are working, these nodes would be the only ones that acquire all the new resources requested by the rest of the clients. Thus, only a small number of nodes would be Always-ON. Thus reduction of the energy requirements is made possible by introducing specific reactions into the P2P clients according to the optimization of the resources used.
The Specific Joint Research Project Virtual Home Environments (VHE), sponsored by the European Network of Excellence EuroFGI, has already initiated several studies directed towards enabling home environments to share their computing resources with each other, which provides the starting point for the work reported in this paper. The VHE approach is based on an architecture which enables energyefficient resource sharing amongst home networks. The main goal of the architecture is to achieve a consolidation of load (e.g. in terms of bandwidth consumption, CPU-cycles or storage) that is generated by Always-ON applications. The main idea is (similarly to server consolidation as it is done in data centers) to shift load to a small number of computers, in order to relieve others. Unloaded computers can be hibernated to save energy. The homes are connected to a distributed pool of virtual resources, and the architecture uses a distributed management system to allocate resources to home PCs dynamically. To allow energy saving, a distinction is made between active and passive homes (and noncontributing homes). A home is called active if it contains at least one computer which is turned on (i.e., with full energy consumption). In a passive home only the gateway is on-line, and other hardware is hibernated. The gateway can maintain a permanent entry to the VHE P2P overlay and represents its home network. The P2P overlay used enables access to active and passive home networks and provides services such as identification of other peers or provision of a system-wide distributed database for storing node and user statistics persistently.
Studies, using simulations created for this purpose, have demonstrated the feasibility of virtualization as a solution process for the rationalization of the resources used within a P2P network, as described in [3] and [4] . Starting from the idea that the VHE environment needs total cooperation between all nodes in the network, the original design, explained in the next section, was completed adding a policy for good use through a suitable cost model that encourages the equitable sharing of resources and penalizes all hoarding behavior, which is explained in section 3. Section 4 presents the preliminary results of the simulator developed based on the two concepts above, by analyzing the behavior of all nodes belonging to the VHE environment from the point of view of energy efficiency and energy savings. This entails the use of virtualization in an environment of P2P sharing of resources compared with the currently used operating modes.
VIRTUAL HOME ENVIRONMENT CON-CEPT
In a typical scenario of home multimedia, user activities ranging from multimedia content sharing, access to video and audio on demand, encoding, storing and sharing digital content themselves (picture and video), right down to basic Internet access. The interconnection between different devices follows a natural way through the Internet access element, usually an xDSL or cable router, as Figure 1 shows. Most of the operations listed above can be carried out independently of the device generating them. In this case, the work can be virtualized, so that the interconnection device manages the available resources by reducing the number of active elements and therefore consumption. As Figure 1 shows, VHE proposes including some additional functionality within the gateway, enabled to manage specific tasks in a virtual manner. Each type of virtual task requires different resources from the home environment, but the gateway decides their utilization, and more specifically, the gateway adds the possibility of delivering its own virtual tasks to other home environments in the near area.
In a general way, all the applications that need a remote resource are encapsulated in virtual machines (VM), which can be downloaded/uploaded, see [5] . Since VMs can be stored in a simple file, they can be moved from one home network to another. When a VHE client initiates one of these applications, it obtains a list of active homes within its zone, and it selects one of them with sufficient resources to receive new VM tasks. Thus, it sends its VM block and it could pass to the state of hibernate until the remote task is finished. At this moment, it returns to the active state only to obtain the results of the remote task. If there were not any active VHE client, or the entire list did not have sufficient resources, the VHE would have to complete its tasks by itself, and then it would be included as active in the list by the rest of passive clients, and hence, it would be selectable to receive VM tasks from the rest of clients in its zone, see [6] for a complete explanation about the VM-based prototype. This article presents the results of simulations conducted on the evolution of this first proposal. This includes adjusting the states of each node based on parameters associated with resources. The task control is managed through the use of a cost model based on the actual behavior of the nodes.
A typical VHE operation is illustrated in Figure 2 . In this example, initially three active (1, 2 and 4) and one pas- sive (3) home are interconnected by the VHE overlay, but two VM are migrated to another home. This way, home networks 1 and 4 can become passive as well, or they can be used by their owners for high demand tasks like gaming. This situation shows the energy efficiency of a VHE, in three active homes. The proposed VHE method reduces to only one active home, but this is only a preliminary result and some highly important constraints have to be considered. One of them is the fair behavior resulting from the resource contribution of all participants, which cannot be assumed in general. Therefore an economical cost model for fair energy and resource sharing was proposed and explained in [7] . Statistics, generated by this model are stored in the P2P network and used to limit the resources that a home network is able to request from the VHE.
Initially the model considers the physical configuration as the primal cost calculation basis, based on CPU utilization, the storage capability, the network access capability (Upstream + Downstream), the additional services provided (Type Of Service -TOS, qualification) and the sensors availability. The correction of the primal characteristics is based on client behavior. Depending on their behavior, the VHE clients increase/decrease their associated cost, introducing new facilities/requirements. Their behavior modifies the unit cost, introducing a reduction as a result of the contribution based on altruistic / cooperative behaviors, or penalties based on leech / uncooperative behaviors. However their values vary depending on the considered optimization problem too, for example, avoiding obfuscating all the available core bandwidth, or reducing the energy consumption associated with each individual element of the VHE node. The behavior of a VHE user is captured statistically. The VHE gateway stores statistics about all the interesting values corresponding to each parameter over a specific time period, for example, one hour. For each specific parameter the VHE element captures the numbers of services offered and used and obtains the corresponding use factor. Statistics are stored over the different time scales of the individual behavior of users, following three main periods: short-term statistics, medium-term statistics and long-term statistics. The basic unit of the statistics is calculated during the short-range period, typically one hour. When the node knows the unitary costs of all the other nodes inside its VHE cluster it calculates the cut-off value, determining whether penalization should exist. Penalization supposes establishing new limits for the maximal values for all the primal characteristics, which the VHE node will apply into the next short-term period.
COST MODEL FOR VHE
The objective of the implemented cost model is to estimate the participation and involvement of the VHE members and use the corresponding results to classify the users in a set of classes (at least two); to determine the upstream / downstream bandwidth; and to determine the distribution of the service requirements over the different VHE nodes. The model characterizes each VHE node using static parameters (e.g hardware), temporary values (e.g. shared bytes), time-dependent parameters (e.g. mean ON period) and economic parameters as a composite of the others. Using these parameters, each network element has to decide about the type of behavior shown by the user. The network element has to automatically introduce corrections into the statistics of the user to accommodate its behavior towards a cooperative one. Depending on their behavior, the users increase/decrease their associated cost, introducing new facilities/requirements. Behavior modifies the unit cost, introducing a reduction as a result of bonuses based on altruistic/ cooperative behaviors, or penalties based on leech / non cooperative ones. Initially leeches will be penalized decreasing their downloading capacities, service requesting, etc. However, this behavior could be related to temporary situations. This is the reason why the cost model uses three temporal horizons. Then leeches have to receive a penalty according to their historical behavior. Penalties are applied to the upstream access that a user can have (limiting the downstream of the users themselves) In the short period, the VHE network element has to limit the corresponding numbers for each behavioral parameter to promote the collaborative behavior of its users. For example, downloading capacities are controlled by applying a penalty proportional to the shortterm statistic for each short-term period, but correcting its value with historical statistics. In this way, only persistent behaviors lead to important reductions in downloading capacities. The detailed characteristics and implementation of the proposed cost model are explained in depth in [7] .
COST MODEL BEHAVIOR
To evaluate the performance of the proposed cost model, the process explained was emulated using a statistical simulator, which generates the expected statistics corresponding to N VHE nodes. The resulting scenario allows the evaluation of individual costs in the short-term period for each node, obtaining the global statistics of the cluster and estimating the cut-off value to calculate corresponding penalizations. The next period calculation uses penalization values as new input for statistical generation.
A simple scenario of five VHE nodes enables the estimation of the effect of the proposed cost model in a VHE cluster exchanging contents with a P2P typical application. The evaluation includes two different types of users: Three users have symmetrical Internet accesses with a very aggressive behavior, typifed by high downloading rates. Additionally there are two normal users having symmetrical accesses but sporadic downloads. Figure 3 shows differences between a P2P environment without any control over the consumed bandwidth and the same P2P environment using the proposed VHE cost model to establish fair sharing schemes. Without any control, the aggressive users consume all bandwidth of the network without any restriction except their own content requests (a). Normal users acquire their own resources but their consumption is three or four times less compared to the rest (c). Introducing penalizations based on the proposed cost model, the aggressive users suffer a drastic penalization, reducing the consumed bandwidth 3:1 (d). Normal users indirectly decrease their bandwidth, but usually the reduction is less than 2:1 (b). This simple example only considers the penalization of access rates but the complete VHE cost model establishes penalizations for each primal characteristic, fostering an adaptive solution independently of the application. Figure 4 shows an example of penalties applied over different time periods. The results are from a practical example of the cost model application over a generic scenario with five different types of users. Applying the proposed cost model over the consumed bandwidth parameter, and under the assumption of only bandwidth penalties, the proposed cost model applies severe penalties depending on the selfish behavior (represented by the x:y ratio, with x and y as downloading and uploading loads respectively).
ENERGY EFFICIENCY IN THE VHE
Independently of the applied cost model, virtualization of specific tasks and their distribution towards specific nodes supposes a reduction of the number of active nodes. These ones increase their utilization of resources, processor, storage or/and bandwidth but, comparatively, without a significant effect on the total consumption of energy (a more intensive study about their influence could be included in future work). With or without pending virtual tasks, the rest of the VHE nodes stay in sleeping or hibernating states, reducing the consumption anyway. Additionally active nodes distinguish between VHE clients running virtual tasks and equipment being used by their owners. In this case the VHE client is blocked by the user, executing specific applications and generating possible new virtualized tasks that will be sent to other VHE clients in the zone. Figure 5 shows the state machine corresponding to a VHE client. Active Blocked state (AB) supposes a user is working directly over the VHE client and it will generate new virtual tasks that will be sent to remote clients. If the VHE client sends all its pending tasks to remote nodes it could return to the Passive state (P), if not it passes to the Active state (A), and it will be selectable for the rest of clients to execute new remote virtual tasks. All the clients without pending tasks return from A or AB to P. If the client generated a remote task, it would return to AB to obtain the results. A discrete event simulation in Java was developed to implement complete VHE zones and the corresponding behavior among different clients and applications. Each client generates new tasks and selects remote active clients to send their virtual tasks or it executes its own tasks locally. Actually simulation considers three classes of applications:
• Download sharing as the typical functionality of P2P networks.
• Intensive processing such as video encoding.
• Home automation, including remote control of devices.
Bandwidth and storage, processing time and sensors are required respectively. Each client manages its own resources locally and it uses the remote facilities from the rest. Simulation includes the different entities related to the clients, including nodes, links and Internet accesses from the zone. Each home is considered as a set of PCs with a set of resources which could be used by the rest of the homes and the VHE gateway manages all the interactions between the homes in the zone. Two scenarios are considered. The first one implements a P2P environment without restrictions related to the use of the remote resources. The nodes with a large number of virtual task requests could monopolize the resources of the rest, and then, the cost model is included into the second scenario. In this sense, greedy users automatically decrease their statistics allowing other users to access the rest of the resources. Depending on their activities over time the situation could end with the cancelation of all the privileges of the user. In both cases, configuration parameters are the same, with the only difference of the cost model. Simulations were executed over a typical residential zone including 100 homes connected to the VHE environment (with 10 % penetration over 1000 total homes and only 1 PC to simplify calculations) during a period of a year. Active nodes limit their activity to 8 hours from the first execution, typically it is the time that users could be working directly on their PC, and the average rate of generation of new tasks requesting remote resources increases with a starting value of 1 requested task per week and PC. Figure 6 shows the first results. A distributed environment such as VHE drastically reduces the number of active homes. A few sets of nodes carry out the execution of most virtual tasks. The effect of the cost model increases these values, because the idea is that all the nodes undertake virtual tasks equally. With this moderation, more VHE clients have to pass to the active state, but their periods in this state are reduced by more than 50 percent compared with the cases of a typical P2P, and VHE without a cost model policy. Without cost model restrictions, an active home undertakes all the requests of virtual tasks until the limit of their working statistics (studied simulation limits this value to 8 hours)
Considering only the active node statistics, a calculation of the energy consumption is possible. Independently of the real consumption of the homes, relative values for hibernated and active states enable the establishment of the partial reduction of energy consumption for the proposed VHE scenarios. Three cases are compared: nodes working individually with a common P2P policy and nodes collaborating over VHE, with and without cost model penalties. To compare them, a measure of the power consumption reduction is proposed as Gain12(W ), which means the relation of total consumed energy between case (1) and (2) . Gain12(W ) is calculated using the percentage of active (Nact) and passive nodes (Npas = 1 − Nact):
(1) Where K is the relation between the power consumed by each fully active home (Wact), and the residual power corresponding to a hibernated state (Wpas):
The comparison between P2P and the corresponding VHE without restrictions appears on the left of Fig. 7 , depending on task load for different values of factor K. It shows that the VHE solution introduces a reduction of consumed energy greater than 50 percent at lowest loads, and it grows very quickly up to 75 %. Introducing the cost model restrictions the right of Figure 7 is obtained. In this case, applying the cost model only supposes a small difference of a little over 3 % compared to the simple VHE. However, this is a result based on the global behavior of the scenario, considering only the average number of active nodes. If we obtain the same values for an individual VHE client, the calculation based on the service time is necessary.
Combining the values obtained by the simulations, the mean value of activity time for a generic node is calculated. Figure  8 shows the effect of the reduction of individual service time introduced by the proposed cost model. Compared with the P2P case, a VHE client without a cost model reduces the consumption by less than 5 %, but if a cost model is applied, this reduction grows to 25 %.
CONCLUSIONS
VHE defines a new resource-sharing environment based on multiple applications, where the collaboration between users considers both, benefits and reduction of significant related costs, for example the bandwidth, or more importantly, the limitation of energy consumption. The proposed VHE cost model estimates the main working parameters for each network element on the basis of their collaborative behavior. Following this idea the sharing environment adapts its primal characteristics depending on the use of the network, establishing penalizations for all the dangerous behavior and allowing a fair sharing of resources. In this paper the study analyses the effect of increasing the individual load (requests for virtual tasks per week and device) in the mean value of active homes and the corresponding gain or reduction of energy consumption over the VHE scenario compared with the same configuration over a generic P2P distribution. Preliminary results have shown higher reductions of the energy requirements, modifying the behavior based on P2P scenarios. This reduction is based on a rationalization of the resources and processing times divided among all the nodes of the overlay. However the application of the cost model implies answering some additional questions. Each node is autonomous to make the calculation of the periodical statistics, the unitary costs, the bounds of the normalized costs and the penalization threshold. However, to complete the process, each node has to know the cost values for all the other nodes. The implementation needs to evaluate the mechanism for exchanging the short-term costs, the migration of virtual tasks and the intermediate situations between the studied states (A, AB and P), and their effects on the global and individual energy requirements. Additionally, for the industry, the VHE concept, including the associated cost model, could be very interesting to be applied over other resource-sharing scenarios, for example, to reduce the energy consumption over distributed processing grids or content distribution networks.
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